INTRODUCTION
China's first oil discovery (in 1907) was made in the Ordos Basin, and modern oil exploration and production (including use of seismic data and rotary drilling) began in the basin in the 1950s (Li et al., been discovered in the central Ordos Basin (Xie, 2004) . In the past decade, there has been interest in, and activity related to, coalbed methane in the Ordos Basin (Jenkins et al., 1999) .
Despite the long history of oil, gas, and coalbed methane exploration and production, several important issues regarding aspects of the Ordos Basin petroleum system remain unanswered. For example, no oil-source rock correlations have been published, and only minimal organic geochemical analyses have been reported from oil produced in the basin . Additional unconstrained issues in the basin are related to which strata serve as the source rock for the produced hydrocarbons and the thermal maturity of various potential source rock strata.
Results of analyses conducted for this study are presented, which bear on some of these issues as they relate to oil. Namely, this study reports the results of geochemical analyses of strata that are possible source rocks for oil. Also presented are molecular organic geochemical results from oil and source rock samples, which allow for oil-oil correlations and an oil-source rock correlation. Other new data (vitrinite reflectance, thermal alteration indices, etc.) also help to constrain the thermal history of different strata in the basin and, thus, additionally bear on issues related to gas and coalbed methane exploration.
Geologic Background
The Ordos Basin sits in north-central China and is one part of the North China block (Figure 1 ) . The basin is floored by Archean and Proterozoic continental crust, which is overlain by Cambrian and Ordovician carbonates deposited in shallow-marine settings ( Yang et al., 1986) . A significant regional unconformity overlies the Ordovician section such that no Silurian or Devonian strata are present Liu et al., 1997) (Figures 2, 3 ). Carboniferous strata consist mainly of thin shallow-marine limestone and thick fluvial-deltaic deposits that are overlain by fluvial Permian strata. Triassic and Jurassic strata consist of fluvial and lacustrine deposits (Li et al., 1995; Liu, 1998) . Cretaceous strata are fluvial and eolian redbeds (Li et al., 1995) . The only Tertiary strata that exist in the Ordos Basin occur within grabens that encircle the Ordos Basin (Zhang et al., 1998) and Quaternary loess and alluvium (Ding et al., 2001) . The maximum thickness of the stratigraphic section in the Ordos Basin is in excess of 10 km (6 mi) (Yang et al., 2005) .
Structurally, the central part of the Ordos Basin has been relatively stable throughout the Phanerozoic despite persistent deformation around the margins (Zhang, 1989; Liu, 1998; Darby and Ritts, 2002) . Strata in the eastern part of the basin are relatively flat lying or dip gently to the west ( Figure 3) ; therefore, the most complete outcrop sections are exposed along the eastern side of the basin near the Yellow River (Figure 1 ).
Several structural elements surround the central part of the Ordos Basin. To the south and east, older strata are covered by Cenozoic fill of the Weihe-Shanxi grabens ( Figure 1 ) (Zhang et al., 1998) . Farther south are the Qinling Shan (Shan means mountain in Chinese), which are partially the product of the Triassic collision of the North and South China blocks ( Yang et al., 1991; Enkin et al., 1992; Meng and Zhang, 1999) . Along the west side of the basin are the Yinchuan graben, Helan Shan, Zhuozi Shan, and Liupan Shan Zhang et al., 1998; Darby and Ritts, 2002) (Figure 1 ). North of the Ordos Basin is the Hetao Basin (Zhang et al., 1998) , and the Daqing Shan (Figure 1 ) Ritts et al., 2001) . To the east, Archean and Proterozoic metamorphic rocks crop out.
Previous Analyses
According to Li et al. (1992) , several source rock intervals, reservoir rocks, and regional seals are present in the basin (Figure 2 ). Yang et al. (1992a) identified as many as nine potential source rock intervals within Proterozoic to lower Paleozoic marine carbonate, Carboniferous and Permian coal deposited in paralic sequences, and Mesozoic lacustrine strata. However, reported total organic carbon ( TOC) values for Proterozoic to lower Paleozoic marine carbonates have all been low (Dai and Xia, 1990) , indicating that they lack source rock potential. Upper Paleozoic strata described as coals have low TOC values, and the petroleum generation potential is very low . Li (1990) and Yang et al. (1992a) pointed to two Mesozoic intervals as source rocks: Upper Triassic black lacustrine shale of the Yanchang Formation (TOC = 1.56-1.87 wt.%) as an oil source and Lower Jurassic coal and mudstone of the Yanan Formation (TOC = 2.32-2.5 wt.%) as a gas source rock. Despite the higher TOC values, Li et al. (1992) recognized that the organic content of Upper Triassic lacustrine strata is much better than Jurassic lacustrine strata, and that Jurassic strata are in the low-mature to mature stage. Hence, Li et al. (1992) considered the Jurassic strata to be a poor oil source rock. Song (1988, p. 371) , based on a rather crude correlation, presumed that the oil source rock in the basin is Triassic lacustrine strata. Jiang (1988) reported recovery of actual Late Triassic spores and pollen typical of lacustrine environments in oil samples recovered from Jurassic reservoir rock and stated that the source for the oil was probably Late Triassic strata, but that the Jurassic Yanan Formation might be a secondary source rock. However, no geochemical correlations have shown which strata generated produced oils in the basin. Li et al., 1992) ; inset map (from Watson et al., 1987) shows the location of the Ordos Basin in the North China block (NCB), northcentral China. Much of the central Ordos Basin is covered by PleistoceneQuaternary loess, which is not shown on this map. Oil sample sites related to this study are shown by triangles. Major cities are indicated with solid circles.
Thermal-maturity data from potential Ordos Basin source horizons are limited. Yang et al. (1992a) reported vitrinite reflectance (R o ) values of 0.57 -0.93% for Triassic samples, but did not report where the samples came from.
Solid bitumen veins have been overlooked in the Ordos Basin. However, during the course of this study, a solid bitumen vein was found in one of the Jurassic stratigraphic sections in the southeastern Ordos Basin. This finding is significant with regard to oil potential because the best documented solid bitumen veins occur in the highly petroliferous, Green River and Uinta basins of North America (Curiale, 1985) . The Green River and Uinta basins contain laminated lacustrine strata with very elevated TOC values and are the source rocks for large accumulations in those basins (Cross and Wood, 1976; Palacas et al., 1989) . Yang et al., 2005 ; used with permission from the AAPG whose permission is required for further use). Note that immature and marginally mature rocks with source rock quality in the eastern Ordos Basin dip westward where they may be more thermally mature.
METHODS

Source Rock Screening
Rock samples suspected of having source potential, based on color or sedimentologic indicators, were collected from outcrops in the field when encountered. Fresh samples were sent to Humble Geochemical Services for initial screening, which consisted of TOC (Leco TOC, in wt.%) content measurements and Rock-Eval analyses. Based on the initial screening, potential source rocks were chosen for more detailed molecular geochemical analyses. Vitrinite reflectance analyses were also performed at Humble Geochemical Services on 12 samples.
Molecular Organic Geochemical Methods
Suspected source rocks and the solid bitumen vein sample were crushed using a mortar and pestle. Bitumen within the samples was extracted using a Soxhlet apparatus and a mixture of methanol (66%) and toluene (34%) for 4 hr. Weighed fractions of source rock extract and whole oil were diluted 100Â with hexane and then analyzed via standard (n-C 12 and higher) gas chromatography (GC) on a Hewlett-Packard 5890A gas chromatograph. The column was a 22m DB-1 column with an i.d. of 0.20 mm coated with a 0.33 mm methyl silicone film. A splitless injection was used with the purge valve off for 2 min. The carrier gas was hydrogen with a 20 psi head pressure. The initial starting temperature was 80jC for 0.5 min, followed by a programmed temperature ramp of 10jC/min until a final temperature of 320jC was reached and held for 15.5 min.
The remaining fractions of the source rock and bitumen vein extracts, as well as oil samples, were subsequently separated using glass columns with a 10 mL inner diameter filled with silica gel that was flushed with hexane to remove the saturate fraction, followed by a methylene chloride flush to remove the aromatic fraction. Saturate fractions were then treated with high Si/Al ZSM-5 zeolite (''silicalite'') to remove normal alkanes. All saturate and aromatic fractions were analyzed on a Hewlett-Packard GC-mass selective detector (GC-MSD). Sulfur precipitates that were present in extracts of Triassic source rock were removed using activated copper prior to the analyses. Selected ion monitoring of the m/z 191, 217, 218, 231, 259, 245 , and 253 was performed. All of the above analyses were completed in the Molecular Organic Geochemistry Laboratory at Stanford University. A small subset of samples was run on the Stanford Autospec in the metastable reaction monitoring GC -mass spectrometry (MRM-GCMS) mode to determine if C 30 steranes were present in the samples and also to be able to calculate tetracyclic polyprenoid ( TPP) ratios as defined by Holba et al. (2000) . Diamondoid analyses were run following the same GC-MS procedure used by Dahl et al. (1999) using deuterated diamondoid internal standards to provide accurate concentration measurements at subppm levels. A well-characterized standard routinely employed in the lab was run with samples in this study, thus allowing compound determinations by comparing the results to the standard. All calculated biomarker ratios are based on peak height measurements.
RESULTS AND DISCUSSION
Potential Source Rocks
All of the lower Paleozoic carbonates examined in the field during this study appeared to be organically lean based on visual assessment, and none were sampled for this study. Instead, Carboniferous, Permian, Triassic, and Jurassic outcrop samples from the eastern and western margins of the Ordos Basin were collected and analyzed to assess their potential as hydrocarbon source rocks. Source rocks included in this study are indicated in Figure 2 and listed in Table 1. Table 2 summarizes organic petrographic analyses for a subset of the source rock samples, including degree of thermal alteration, kerogen type, and palynofacies. Calculated biomarker ratios for the source rocks, the bitumen vein sample, and the oils are provided in Table 3 .
Source Rock TOC and Rock-Eval Pyrolysis
Total organic carbon content and Rock-Eval analysis were performed on 59 potential source rock samples (Table 1) . Most samples are mudstone deposited in lacustrine settings. Other samples include mudstone and coal that were deposited in fluvial or deltaic environments and two limestone samples (one lacustrine, one shallow marine).
When using TOC as a discriminator of source rock-generating potential as defined by Peters (1986) (Figure 5 ), most samples plot near the origin or along the x-axis, indicating that they are not oil source rocks. However, some samples plot upward along the y-axis, indicating that they could generate both oil and gas or just oil. Samples with the best organic quality include the Upper Triassic mudstone samples of the Yanchang Formation mentioned earlier with high TOC values (samples 01TC119 and 01TC120) ( Figure 4A , B) as well as one MiddleUpper Jurassic mudstone from the lacustrine Anding Formation from eastern Ordos Basin (sample 01YA130) ( Figure 4C ).
Vitrinite Reflectance Results
Vitrinite reflectance analyses were completed on 12 rock samples ( Table 2 ). The R o values for six samples from the western Ordos Basin (0.95-2.25) are, on average, more mature than the six from the eastern Ordos Basin (0.51-1.37). The R o values from Upper Triassic and Lower Jurassic strata of the western Ordos Basin (0.95-1.89) are in the oil-condensate range, and the Carboniferous samples are in the dry-gas range of the oil window (2.08-2.25). In contrast, the R o results from the eastern Ordos Basin indicate that the Middle Jurassic strata are at the top of the oil window (0.49-0.51), the Triassic samples are in the early-mature window (0.60-0.64), and the Carboniferous strata are in the late mature to early condensate window (1.18-1.37). The Upper Triassic source rock samples with the best potential for generating liquid hydrocarbons are close to the oil-generating window whereas the Jurassic samples analyzed with goodquality organic matter analyzed in this study may still be slightly immature. However, these may be effective source rocks that were buried deeper in the basin.
Source Rock Molecular Organic Geochemistry Results
Carboniferous strata yielded TOC and Rock-Eval results that indicate that they lack sufficient organic quality to be oil source rocks, and most samples have kerogens that are dominated by coaly fragments. Although these rocks are thermally overmature and may have had higher TOC content earlier, the dominance of coaly fragments suggests that they did not generate oil, and no molecular geochemistry analyses were performed on them. These strata are likely sources for gas accumulations in the basin.
Source Rock GC Results
Gas chromatography results for the Upper Triassic Yanchang Formation mudstone samples (samples 01TC119 and 01TC120) and Middle -Upper Jurassic Anding Formation mudstone (01YA130) show that they contain well-developed n-alkanes and exhibit a clear odd/ even preference (OEP) in their n-alkane distributions ( Figure 6A ; Table 3 ) (Peters and Moldowan, 1993) . Carotane compounds are absent in these samples, which is important in that carotanes are key biomarkers for a lacustrine source rock in the Qaidam Basin of northwestern China (Ritts et al., 1999; Hanson et al., 2001) and the Jianghan Basin in eastern China . The most striking difference between the Triassic and the Jurassic samples relates to the pristane/phytane ratio (Pr/Ph): the Triassic ratios are 0.87 and 0.92, which is indicative of an anoxic depositional environment (Fu et al., 1990) , whereas the Pr/Ph ratio for the Jurassic sample is 3.50 (Table 3) .
Source Rock GC-MSD Results
Terpanes
Chromatograms (m/z 191) with peaks related to different terpane compounds are shown in Figure 7A , and biomarker ratios calculated from these chromatograms are provided in Table 3 . In all samples, the relative peak heights of tricyclic terpanes are small compared to the pentacyclic terpanes. Most samples have C 30 hopane as the dominant peak, show low gammacerane peak heights, and have some, although low, preservation of the higher homohopanes.
The ratio of tricyclic to pentacyclic terpanes increases with increasing thermal maturity (Seifert and Moldowan, 1978) and the calculated tricyclic/pentacyclic ratios were low for all three source rocks. All three samples have 22,29,30, 18a-trisnorneohopane ( T s ) peaks that are significantly smaller than the 22,29,30, 17a-trisnorhopane ( T m ) peaks. The ratio of T s /(T s + T m ) is controlled by both source rock input and thermal maturity (Peters and Moldowan, 1993) , and the ratios for Triassic source rock samples in this study are low (0.13-0.14) and even lower in the Jurassic source rock sample (0.09) ( Table 3 ). The results suggest that the Triassic samples are slightly more mature than the Jurassic sample.
The m/z 191 ( Figure 7A ) for the Triassic and Jurassic source rock samples show poorly preserved higher homohopanes. Well-preserved higher homohopanes only occur when anoxic conditions and dissolved sulfate are present in the depositional environment in which the source rocks were deposited (Peters and Moldowan, 1993) . The very low C 35 homohopane indices in all samples indicate a probable freshwater depositional environment. The C 35 homohopanes are observed in all of the oil samples, indicating that the source rock was deposited in at least suboxic conditions, but calculated ratios are low, indicating that the depositional environment was not strongly anoxic (Table 3) . Key differences occur between the Triassic and the Jurassic source rock samples. Diahopane is present in all of the samples, but the relative peak heights in the Triassic samples are lower than in the Jurassic sample. Elevated relative amounts of diahopane are linked to oxic-suboxic, clay-rich depositional environments (Moldowan et al., 1991) . The Jurassic source rock diahopane ratio in this study is 0.06; the same ratio in the Triassic samples is much lower at 0.01-0.02 (Table 3) , which suggests that the depositional environment of the Triassic source rocks was more reducing than that of the Jurassic rock.
Another difference between the Triassic and Jurassic samples relates to the relative abundance of moretane. Moretane converts to C 30 hopane with increasing thermal maturity (Seifert and Moldowan, 1980) , and thus, moretane decreases as thermal maturity increases. The calculated value for the Jurassic sample is 0.23, whereas the ratios for the Triassic samples are 0.08-0.11 (Table 3) .
Triassic source rocks are uncommon worldwide; thus, a comparison to Triassic source rocks from other regions is warranted. Holba et al. (2002) studied the well-known Triassic Shublik Formation of the North Slope of Alaska and derived an extended tricyclic terpane ratio (ETR) that clearly discriminated between Triassic and Jurassic source rocks. Holba et al. (2002) found that ETRs for Shublik-derived oils exceed 2.0, whereas Jurassic ETRs have lower ratios. Triassic source rock ETRs from the Ordos Basin are 0.8 -1, whereas the Ordos Basin Jurassic source rock ETR is 0.05. Although the calculated ratios in this study are lower than those reported by Holba et al. (2002) , Ordos Triassic ETRs are more than an order of magnitude higher than the Jurassic ETR.
Steranes
A second group of important biomarkers is the sterane compounds. The sterane chromatograms (m/z 217) for source rock samples in this study are shown in Figure 8A . A common way to distinguish different source rocks or organic facies of different facies of the same source rock (Peters and Moldowan, 1993) is through the use of C 27 -C 28 -C 29 sterane ternary plots. C 27 -C 28 -C 29 steranes were measured from the m/z 217 chromatograms ( Figure 8A) , and results are given in Table 3 . As shown on the ternary plot in Figure 8B , the Triassic source rock samples plot relatively close to each other, whereas the n/a n/a n/a n/a Jurassic source rock is enriched in C 27 steranes and is easily distinguished from the Triassic samples. Calculated ratios for two different sterane thermalmaturity parameters were conducted in this study: the C 29 aaa 20S/(S + R) ratio and the C 29 aaa 20S + R/ ((aaa 20S + R)+(abb 20S + R)) (Peters and Moldowan, 1993) (Table 3 ). All of the source rock samples yielded values that are well below the end point for these parameters, suggesting that they are low in the oil window (Table 3 ).
An important distinction between the Triassic samples and the Jurassic sample is the relative abundance of the C 27 diasteranes ( Figure 8A ). Diasteranes are thought to form as a result of clay-catalyzed rearrangement of regular steranes (Rubenstein et al., 1975) . Therefore, elevated diasterane/regular sterane ratios are an indication of active clays being present in the source rock and, thus, are an indicator of a clastic source rock. The diasterane ratios for the Jurassic source rock are elevated compared to Triassic samples ( Figure 8A ; Table 3 ).
Aromatics
Triaromatic methylsteroid ratios (measured on the m/z 245 chromatograms) (Moldowan et al., 1996) are markedly different between the Triassic and Jurassic samples (Table 3) . Specifically, Triassic source rock samples are completely lacking in dinosteroids, resulting in calculated dinosteroid ratios that equal zero. However, calculated ratios for the Jurassic source rock are 0.75 and 0.82, depending on which ratio is used (Table 3 ). Monoaromatic (MA(I)/MA(I) + MA(II)) and triaromatic (TA(I)/TA(I) + TA(II)) ratios were calculated as defined by Peters and Moldowan (1993) (Table 3) . Both of these ratios increase with higher thermal maturity. When oil and source rock samples were plotted on a crossplot using these two parameters (Figure 9 ), a well-developed linear trend is apparent, and the source rocks all plot in the area of low maturity on the figure, in agreement with the other thermal-maturity indicators.
Oil Results
Fifteen oil samples taken from wells scattered across the basin (Figure 1 ) were collected and analyzed. Oil samples were mostly collected at unattended oil wells, and subsurface data are generally unknown. Most samples are waxy, dark-brown to black oils; a few are lighter in color. All of the samples were liquids at the time that they were collected but several solidified at room temperature.
Oil GC Results
Representative GC traces for the oil samples are shown in Figure 6B . One of the analyzed oils (sample 01YA134) is biodegraded (it was collected from a small pool of oil adjacent to the well) and, thus, lacks the n-alkane fraction and displays the characteristic ''humpogram'' of biodegraded oils. Other oil samples are not biodegraded and have well-preserved n-alkane envelopes that maximize in the n-C 15 to n-C 21 range ( Figure 6B ; Table 3 ), exhibit a strong odd/even preference, and extend out to the n-C 32 to n-C 40 range. Based on the GC data, beta-carotane and gamma-carotane are absent. The average ratio of Pr/Ph is 1.18, but calculated values range from 0.67 to 1.71 ( Figure 6B ; Table 3 ). The calculated value of 0.67 may be misleading because the sample is biodegraded. These characteristics match the Triassic source rock samples much better than the Jurassic sample.
Oil GC-MSD Results
Terpanes
Sample 01YA128 has a m/z 191 chromatogram ( Figure 7B ) that is distinct from the other oil samples and is discussed separately below. All other oil samples have m/z 191 traces that are quite similar. This main group of oil samples mostly has high tricyclic/ hopane ratios, and C 30 hopane is the largest peak on all of the m/z 191 chromatograms ( Figure 7B ; Table 3 ). All of the oil samples, except 01YA128, have peaks corresponding to the entire homohopane series, including C 35 homohopane peaks ( Figure 7B ). Similar to the source rocks, the relative height of the homohopane peaks decreases systematically, and the calculated C 35 homohopane ratio is low (Table 3) .
Diahopane ratios are relatively low except for 01DS114 and 01DS115 ( Figure 7B ; Table 3 ). The calculated ratios for most samples are between 0.05 and 0.08, but the ratios for 01DS114 and 01DS115 are 0.20 and 0.23, respectively (Table 3) .
Moretane ratios are relatively low except for 01YA128 and 01YA134. The average value (excluding 01YA128 and 01YA134) is 0.07 (Table 3) . Calculated values for 01YA128 and 01YA134 are 0.18 and 0.17, respectively (Table 3) .
T s /( T s + T m ) ratios reveal variability among the oil samples. Most samples have ratios that are relatively similar (average values of 0.52) ( Figure 7B ; Table 3 ). However, three samples (00YP25, 00JB27, and 01YA134) have lower ratios, and two samples (01DS114 and 01DS115) have higher ratios (Table 3) .
Although C 35 homohopanes are observed in all of the oil samples ( Figure 7B ), the calculated homohopane indices are low ( < 0.05) ( Table 3 ), indicating that the source rock depositional environment was mildly anoxic.
The C 31 homohopane isomerization index is linked to diagenetic burial conditions and increases with thermal maturity, reaching a final ratio of about 3:2 22S:22R at the beginning of the oil window and changes little with further thermal maturation (Peters and Moldowan, 1993) . The average value of the main population of oil samples is consistent with values for top oilwindow maturity.
The tricyclic/pentacyclic ratios for oil samples are low (< 0.09) (Table 3 ) except for sample 01YA128, which has a value of 0.74 (Table 3) .
Steranes
Representative results of the sterane analyses are shown in Figure 8C , and calculated ratios are given in Table 3 . All oil samples except one (sample 01YA134) cluster ( Figure 8B ) with the Triassic source rocks.
Calculated values for the two sterane maturity parameters (Table 3) indicate that the oil samples are well below the end point for these thermal-maturity parameters. These results suggest the source rock that generated them was low in the oil window.
Aromatics
All of the oil samples in this study lack dinosteroids (Table 3) . This finding is similar to the Triassic source rock samples and dissimilar to the Jurassic source rock sample.
Samples that plot toward the upper right in Figure 9 are more thermally mature, whereas samples plotting near the origin are of low thermal maturity. Sample 01YA128 is not plotted in this figure because the aromatic compounds are absent in this sample. This is interpreted as being the result of higher thermal maturity than the other samples shown in Figure 9 , with attendant loss of the aromatic biomarkers.
Diamondoids
Diamondoid concentrations of five of the oils in this study were analyzed, and the results (in ppm) are included in Table 3 . Diamondoids are molecular compounds whose concentrations increase with increasing thermal destruction of the oil by cracking or by thermal chemical sulfate reduction (Dahl et al., 1999) . The diamondoid results agree with the aromatic results with regard to thermal maturity. The sample with the lowest concentration of diamondoids also plotted closest to the origin in Figure 9 . The sample with the highest concentration of diamondoids (01YA128) is the one that lacks triaromatic compounds.
Oil MRM-GCMS Results
None of the oil samples contain C 30 steranes (Table 3) . C 30 steranes, when present, are indicators of marine source rocks (Moldowan et al., 1985; Peters and Moldowan, 1993) . Therefore, the lack of C 30 steranes in the oil samples lends support to the inferred lacustrine source rock setting interpretation.
The calculated TPP ratios (Holba et al., 2000) for oil samples in this study (Table 3 ) range from 0.26 to 0.71. Holba et al. (2000) indicate that TPP ratios between 0.25 and 0.40 are mixed deltaic lacustrine, and ratios greater than 0.40 are considered to be from lacustrine source rocks. Of the four samples analyzed in this study, three (00YP26, 01YA128, and 01YA134) have TPP ratios in excess of 0.40, whereas one sample (01DS114) has a calculated ratio of 0.26, indicative of a mixed lacustrine-deltaic setting for the source rock.
Oil-Oil Correlation
Although there are differences in the oil samples based on the biomarker results, all oils are grouped into one genetic family. Four subfamilies were identified: A, consisting of samples 00YP25 and 00JB27; B, consisting of samples 01DS114 and 01DS115; C, consisting Figure 8B . of 01YA128; and D, consisting of 01YA134. All of the oil samples contain mainly algal and terrestrial organic matter. The oil data generally point to a source rock that was deposited in a weakly reducing or suboxic setting. However, the highest Pr/Ph ratio of any of the oil samples in the study was 1.71 for sample 01YA128 (subfamily C) ( Figure 6B ), suggesting that the source rock depositional environment may have been more oxic than what is indicated by other oil samples. All oil samples except one have gammacerane ratios indicative of nonhypersaline conditions without water column stratification. The one exception is 01YA134 (subfamily D) ( Figure 7B) ( Table 3 ). Oil samples in subfamilies B and C have higher diasterane ratios than other oil samples ( Table 3 ), suggesting that catalytic clays were more abundant in the source rock that generated them. Subfamilies B and C also have elevated diahopane ratios compared to other oils ( Table 3) , consistent with a more oxidative early diagenesis (Moldowan et al., 1991) . With the exception of 01YA128 (subfamily C), the oil samples have thermal maturity indicators that show that they are mature in the early part of the oil window. The oils have variable thermal maturity, and subfamily A is partially defined by having lower thermal-maturity indicators than the rest of the samples.
Triaromatic dinosteroids and carotanes are lacking in all of the oils. All of the oil samples, with the exception of subfamily D (01YA134), cluster tightly when the sterane ratios are plotted on a ternary diagram ( Figure 8B ).
Oil-Source Rock Correlation
Overall, the oil data closely match the Triassic source rock data and are different than the Jurassic source rock data. Key factors include the Pr/Ph ratios and the similar positions on the sterane ternary plot ( Figure 8B ). Perhaps the most convincing data are the lack of triaromatic methylsteroids in all Triassic source rock samples, whereas the Jurassic source rock has a high triaromatic methylsteroid ratio ( Table 3) . None of the oil samples contain the triaromatic dinosteroids that are unique to the Jurassic source rock sample. Instead, they match the Triassic source rock samples (Table 3) .
Solid Bitumen Vein
The solid bitumen vein extract is biodegraded and lacks n-alkanes, as well as pristane and phytane. Relevant biomarker ratios indicate low thermal maturity.
These results are characteristic of immature hydrocarbons, suggesting that the bitumen vein was probably a ''pre-oil'' solid bitumen using the criteria of Curiale (1985) . Curiale (1985) reported that such pre-oil solid bitumens are ''products of rich source rocks.'' The C 29 steranes dominate the ratio of C 27 -C 28 -C 29 steranes (Figure 8B ), which implies an important terrestrial plant input. The lack of triaromatic dinosteroids suggests a pre-Jurassic source rock.
CONCLUSIONS
Data generated in this study indicate that there is one oil family represented in the suite of analyzed samples. These oil samples were derived from a source rock that was deposited in mildly anoxic to suboxic conditions. The source rock contained terrestrial and nonmarine algal organic matter. Most of the oil samples are waxy and were generated from a lacustrine source rock. The thermal maturity of oil samples varies throughout the basin, but most samples are indicative of an early thermal-maturity stage that is within the oil window. Only one oil sample was biodegraded.
The best source rocks in the basin, with regards to liquid hydrocarbon generation, are lacustrine mudstone of the Upper Triassic Yanchang Formation and the Middle -Upper Jurassic Anding Formation. These two source rocks are near the early stages of the oil window. However, oil samples correlate with Upper Triassic lacustrine mudstone source rock and not with Jurassic source rock, so exploration strategies should focus on the known location of Triassic lacustrine strata for predicting the source kitchen. Oil wells that are producing oil from Triassic source rocks are generally located in areas where Triassic lacustrine and lower delta-plain facies merge in the subsurface (Figure 10 ), which may have implications for future exploration in the basin. Carboniferous coal and mudstone are not oil prone and are overmature, but are probable sources for large gas fields. In general, outcrop samples from the western Ordos Basin are more thermally mature than samples from the eastern and southeastern Ordos Basin, so gas fields may be more likely in the west, whereas oil may be more common in the east.
The solid bitumen vein more closely resembles the Triassic source rock, but age-related biomarkers suggest that the solid bitumen is pre-Jurassic and might logically be related to another Triassic source rock facies. Figure 10 . Facies map (modified from Li et al., 1995) of Upper Triassic strata in the subsurface of Ordos. Producing wells tend to be located above the interface between lacustrine and lower delta-plain facies.
